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We use the two relaxation time (TRT) collision operator in the calculation by the im-
mersed boundary-thermal lattice Boltzmann method (IB-TLBM) to reduce the temper-
ature distortion around the boundary. In the linear collision operator of the TRT, we
decompose the distribution function into the symmetric and antisymmetric components,
and de¯ne relaxation parameters for each part. The Chapman-Enskog expansion indi-
cates that one relaxation time for the antisymmetric component is related to the thermal
conductivity. The rigorous analysis for the heat transfer between two plane plates shows
that the other relaxation time for the symmetric part controls the temperature distortion
at a high relaxation time (high thermal conductivity). In the numerical calculation of
natural convection between a hot circular cylinder and a cold square enclosure, the nu-
merical results of streamlines, isotherms, and Nusselt numbers show good agreement with
those of the previous studies.
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Fig. 1 Schematic diagram of the IB-TLBM.
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Fig. 2 Temperature distributions calculated by the IB-
TLBM.
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Fig.3 Comparison of the analytical and numerical solutions
for the IB-TLBM with TRT.
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Fig. 5 Relative error of the temperature between the two
concentric cylinders.
Tj0§1 =
Q0±
2
x
Â
³h
4
¡ 1
2
¡ 3¿
+
c + 2¿
¡
c ¡ 4¿+c ¿¡c
24
´
; (31)
??????? (13)?? (30)?(31)???????
Tb =
Tj0
2
+
Tj0+1
4
+
Tj0¡1
4
=
Q0±
2
x
Â
³h
4
¡ 3
8
¡ 3¿
¡
c + 2¿
+
c ¡ 4¿+c ¿¡c
16
´
; (32)
?????????? Tb ??????? (9) ???Q0 =
Td¡T b
±t
???????????? T d ??
T d = T b + ±tQ0
=
Q0±
2
x
Â
³h
4
¡ 17
24
¡ ¿
+
c
8
+
23¿¡c
48
+
¿+c ¿
¡
c
4
´
; (33)
????? (30)??? (28)???????????
T sj0 = Tj0 ¡ ¹Tj0 =
Q0±
2
x(4¿
¡
c ¿
+
c ¡ 3¿¡c ¡ 2¿+c ¡ 3)
12Â
; (34)
?????T sj0 = 0????????¿
¡
c ????¿+c ??
¿+c =
3(¿¡c + 1)
4¿¡c ¡ 2 ; (35)
??????????????? (30)?(33)?(34)???j0
???????????????????????
Tj0
T d
=
h
4
¡ 1
4
¡ ¿¡c
4
¡ ¿+c
6
+
¿+c ¿
¡
c
3
h
4
¡ 17
24
+ 23¿
¡
c
48
¡ ¿+c
8
+ ¿
+
c ¿
¡
c
4
; (36)
T sj0
T d
=
¡ 1
4
¡ ¿¡c
4
¡ ¿+c
6
+
¿+c ¿
¡
c
3
h
4
¡ 17
24
+ 23¿
¡
c
48
¡ ¿+c
8
+ ¿
+
c ¿
¡
c
4
: (37)
(a.1) R=L = 0:1 (a.2) R=L = 0:2 (a.3) R=L = 0:3
(b.1) R=L = 0:1 (b.2) R=L = 0:2 (b.3) R=L = 0:3
(Ra = 104, ¿+v = 0:5758?¿¡c = 0:5534)
(a.1) R=L = 0:1 (a.2) R=L = 0:2 (a.3) R=L = 0:3
(b.1) R=L = 0:1 (b.2) R=L = 0:2 (b.3) R=L = 0:3
(Ra = 105, ¿+v = 0:5799?¿¡c = 0:5563)
(a.1) R=L = 0:1 (a.2) R=L = 0:2 (a.3) R=L = 0:3
(b.1) R=L = 0:1 (b.2) R=L = 0:2 (b.3) R=L = 0:3
(Ra = 106, ¿+v = 0:5632?¿¡c = 0:5445)
Fig. 6 Natural convection between a hot circular cylinder
and a cold square enclosure. (a) Streamlines; (b) Isotherms.
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